, (p = .008) (Part A). The test-retest relative reliability of trapezius muscle stiffness was found to be high (ICC from 0.821 to 0.913 for measurement points). The average SEM was 23.59 N/m and the MDC 65.34 N/m, respectively (Part B). The present study showed that a single session of compression trigger point therapy can be used to significantly decrease the stiffness of the upper trapezius among professional basketball players.
Introduction
The systematic practice of team sports at an elite level, such as basketball, requiring overhead or repetitive upper extremity movements is often associated with a higher risk for injury (Hume et al., 2006) . These injuries can force a player out of competition for long periods of time or cause a player to resign from a professional sporting career. In recent years, training loads have significantly increased, placing greater demands on musculoskeletal structures. Soft tissue therapy techniques have, therefore, become invaluable elements of Journal of Human Kinetics -volume 64/2018 http://www.johk.pl treatment programs of professional athletes (Vahimets et al., 2006) . Myofascial pain syndrome (MPS) is mainly featured by myofascial trigger points (MTrPs) and is a musculoskeletal disorder that can be developed with any type of sports training and performance. The shoulder and scapula regions including the upper trapezius muscle are the most common areas developing myofascial pain syndrome among overhead sport activities (Hidalgo-Lozano et al., 2013) . MTrPs are characterized by the presence of a palpable taut band or a spot within a skeletal muscle (Barbero et al., 2013) . The local inflammation caused by MTrPs can negatively affect surrounding soft tissues, resulting in impairment of the entire muscle and surrounding fascia. These negative effects can further be transferred, through the myofascial chain, to distant tissues, inducing the referred pain that is the main characteristic of MPS. The presence of MTrPs is, therefore, considered to be the first sign of overloading of a muscle (Ge et al., 2011) .
In recent years, the interest in finding effective MPS therapy has been the subject of many scientific investigations (Dolan and Mendel, 2004; Rigby and Draper, 2017) . However, local ischemic compression still remains the most common and non-invasive therapy currently used for the treatment of MTrPs (Cagnie et al., 2015) . It is suggested that ischemic compression could lead to normalization of biomechanical properties of muscle fibers, restoring the normal functional condition of the muscle and most likely decreasing the risk of injury (Simons, 2004) . The local therapeutic effects of ischemic compression include stimulation of mechanoreceptors, with associated attenuation of pain signals, mostly due to a depletion of specific neurotransmitters, and a temporary obstruction of the local blood flow, followed by a rapid inflow of oxygenated blood to the area upon the release of the pressure (Hou et al., 2002) . As such, the treatment of MTrPs by ischemic compression produces rapid pain relief, as well as normalization of the biomechanical properties of the local muscle fibers, which restores the normal functional condition of the muscle including improved range of motion and lower risk of injury (Renan-Ordine et al., 2011) .
Although subjective, palpation remains the most popular physical method to evaluate muscle tone in clinical practice. Objective measures have been developed to quantitatively identify local changes in muscle tension, including electromyography and ultrasonography. However, as these techniques require technical equipment and complicated procedures, they are still not really practical in clinical practice (Marusiak et al., 2011) . Therefore, there is a need to introduce a new method for measuring the mechanical properties of soft tissues in science, sports and medicine. Especially, in vivo measurement of muscle biomechanical variables including muscle stiffness are of particular interest (Dieterich et al., 2017) . MyotonPRO is a non-invasive approach to measure stiffness, with good to excellent reliability reported in healthy individuals (Aird et al., 2012) . Repeated measurement of muscle stiffness can provide a useful index of the effectiveness of a therapeutic intervention, such as ischemic compression (Gavronski et al., 2007) . To the best of our knowledge, no study has investigated changes in muscle stiffness after the application of ischemic compression. Therefore, the aim of the current study was to use quantitative myotonometry to investigate A) the changes in muscle stiffness after the application of ischemic compression over MTrPs in the trapezius muscle in a sample of professional basketball players; B) the test-retest reliability of MyotonPRO for measurements of muscle stiffness. We hypothesized that ischemic compression would produce a decrease in the stiffness of the trapezius muscle in the area covered by MTrPs.
Methods

Participants
In part A) (trigger point therapy), twelve male players from the elite Polish basketball league were included in the study (mean ± SD; age: 19.8 ± 2.4 years; body height: 197 ± 8.2 cm; body mass: 91.8 ± 11.8 kg).
In part B) (test-retest experiment), twelve right-handed male athletes (mean ± SD; age: 20.4 ± 1.2 years; body height: 178.6 ± 7.7 cm; body mass: 73.2 ± 12.6 kg) volunteered to participate.
To be considered (in part A), participants should fulfil the following criteria: 1, training work loads of at least 20 hours per week; 2, regular participation in international competition © Editorial Committee of Journal of Human Kinetics and training, within the FIBA Europa Cup; 3, presence of unilateral neck or shoulder pain at the dominant side; and, 4, active MTrPs in the dominant trapezius muscle. The exclusion criteria were: 1, pain in the contralateral shoulder; 2, cervicothoracic spinal pathology.
A MTrP was diagnosed using the following criteria: presence of a taut band or a spot and the reproduction of local pain at the point and of referred pain. The number of identified MTrPs and their location were based on a standard MTrPs position, described in the literature (Barbero et al., 2013) , and individual examination. It aimed to eliminate the possible inclusion of MTrPs from other muscles within the investigated region. The average number of MTrPs for each participant was 5 ± 1. The main criterion for exclusion was a recent injury to the shoulder or neck, which could affect the measured variables of muscle stiffness. All participants provided informed consent, and the study was approved by the Ethics Committee of the University School of Physical Education in Wroclaw and conducted in accordance with the Declaration of Helsinki.
Measures
Dynamic stiffness is defined as the resistance of soft tissue to a contraction or an external force that deforms its initial shape (Schneider et al., 2015; Viir et al., 2006) . Dynamic stiffness of both trapezius muscles was quantified using the damped oscillation method of the MyotonPRO device. The probe at the end of the device was placed perpendicularly to the surface of the skin overlying the trapezius muscle. Slight pressure was applied between the probe and the surface of the skin, and a short mechanical impulse (0.4 N for 15 ms), with a constant precompression force of 0.18 N, was delivered to the tissue directly under the probe. The mechanical impulse generates damped oscillations within the muscle, which are recorded by an accelerometer within the probe. The device processes the raw measurement of oscillations to provide the resultant oscillation curve from which dynamic stiffness is calculated and displayed. Based on the accelerometer output, stiffness was derived as follows: the period T was defined as the time elapsed between the first two adjacent acceleration peaks following the mechanical impulse. The oscillation frequency f was calculated from the equation: f = 1/T. The angular frequency ω (ω = 2π f), is related to stiffness K and mass m, and it allows you to calculate stiffness: K = ω ²m. Substituting into: K = 4π ²f ²m (Sohirad et al., 2017) .
Design and Procedures
All outcomes were obtained with the participant lying in a prone position, with the upper extremities placed along the trunk, and the forearms placed in a position midway between supination and pronation. Myotonometric measurements were performed: Part A) at one day: before and immediately after MTrP therapy; Part B) at day 0 (test) and day 1 (retest). All measurements of muscle stiffness were obtained at 5 standardized points on the trapezius muscle, bilaterally (Table 1 ) (Figure 1 ) (Nie et al., 2005) , by the same operator. A second trained physiotherapist was responsible for the treatment of the participants. The dominant side was treated by MTrP therapy and the non-dominant one served as a contralateral measurement of the therapy effects.
After MTrPs localization, ischemic compression was sequentially performed at each MTrP until pain relief was achieved, on average for 40 s. MTrPs located in the upper trapezius were treated using a pinch grip (Figure 2 ). MTrPs located in the middle and lower parts of the trapezius muscle were treated using a flat compression technique (Figure 3 ). The selection of the grip type was based on the anatomical structure of muscle, with no influence on thereapy efficacy. The physiotherapist applied gradually increasing pressure to the MTrP until the sensation of pressure became one of pressure and pain. At that moment, the pressure was maintained until the pain eased by around 50% at which time pressure was increased until discomfort appeared again and sustained, but for no longer than 2 min (Cagnie et al., 2015) .
Statistical Analysis
Part A) Measurements (before and immediately after treatment) and points (01-05 marked on the trapezius muscle) were introduced as within subject factors in a full-factorial repeated measure analysis of variance (RM-ANOVA) conducted on stiffness values. The right (intervention) and left (contralateral) side of the trapezius muscle were included as between subject effect. Bonferroni adjustment for multiple 
Results
Part A) Table 2 shows mean and SD data of muscle stiffness of each point before and after treatment. The RM ANOVA revealed a significant measurement × interaction (F = 4.883; p = .03) for changes in muscle stiffness between measurements. Muscle stiffness decreased significantly in the upper (p = .03), while no significant differences were found in the middle (MT) (p = .40) and lower trapezius (p = .29). Muscle stiffness (mean of points 01-02) decreased from 243.7 ± 30.5 before treatment to 215.0 ± 48.5 N/m immediately after ischemic compression (p = .01), showing a decrease of 11.8% in the upper portion of the trapezius muscle. On the contrary, stiffness of the middle and lower trapezius (mean of point 03 to 05) was not changed significantly (357.5 ± 139.7 N/m before treatment and 331.0 ± 88.1 N/m after ischemic compression; p = .27).
No significant change in dynamic stiffness in the non-dominant (untreated) trapezius muscle was found. The mean value was 283.12 ± 103.1 N/m before treatment and 271.38 ± 97.3 N/m after compression of MTrPs on the non-dominant side.
Part B) The test-retest relative reliability of trapezius muscle stiffness was found to be high (ICC from 0.821 to 0.913 for all measurement points). The average SEM was 23.59 N/m and the MDC 65.34 N/m (Table 3 ). The visual analysis of Bland and Altman's plots indicated no significant difference in stiffness values between test-retest sessions (p = .451), with the mean value close to 0 (.049 N/m) (Figure 4 ).
Figure 1
The points of assessment on the trapezius muscle.
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Figure 2
Upper trapezius muscle under trigger point therapy.
Figure 3 Lower trapezius muscle under trigger point therapy.
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Figure 4 Bland and Altman analyses plotted for test and retest measurements of trapezius muscle stiffness (N/m).
Discussion
The current study found a significant decrease in muscle stiffness in the upper, but not middle or lower portion, of the trapezius muscle in a sample of elite basketball players after a single session of ischemic compression over active MTrPs. The relative reliability of stiffness measurements was found to be almost perfect according to Landis and Koch (1977) . The Bland and Altman's plots analysis showed no difference in stiffness values between the test and retest, suggesting no proportional bias and very good agreement between sessions.
When designing our study we assumed that increased muscle stiffness could contribute to functional impairment of the shoulder region, and increase the risk of injury. Leong and colleagues (2016) examined upper trapezius stiffness in overhead athletes with and without rotator cuff tendinopathy. Their findings suggested that monitoring and maintenance of upper trapezius stiffness are essential for the prevention of rotator cuff tendinopathy. The presence of trauma and consequently, a significantly higher degree of stiffness, increase the limitation of preoperative joint range of motion (Seo et al., 2012) . Bailey et al. (2015) suggested that reducing muscle stiffness could be beneficial for improving shoulder range of motion. As they stated the deficits in range of motion were identified as injury risk factors among baseball athletes. Therefore, potential interventions, which could lead to reduce muscle stiffness, could help these team sport players.
The need for an objective evaluation of stiffness reduction after MTrPs treatment has recently been investigated (Chen et al., 2016; Maher et al., 2013) . Similarly to our findings, these studies reported a significant decrease of upper trapezius muscle stiffness after MTrP therapy. The study conducted by Ballyns et al. (2011) , in agreement with our research also confirmed higher stiffness of upper trapezius muscle and a lower pressure pain threshold, associated with MTrPs. Moreover, the abnormal metabolic conditions associated with MTrPs can lead to chronic pain and inflammation (Shah and Gillians, 2005) . In accordance with our assumptions, Kamali et al. (2018) also acknowledged the relationship between chronic musculoskeletal shoulder disorders and MTrPs, particularly in the upper trapezius. Instead of ischemic compression, they proposed a different therapeutic approach, by the dry needling of MTrPs. However, as they pointed out the direct application of dry needling in the upper trapezius could cause local lesions and severe post-needle soreness. Therefore, they proposed an alternative approach of infraspinatus muscle dry needling and proved it equally effective in decreasing pain and disability in athletes with shoulder pain. Our conclusions regarding ischemic compression were similar. Therefore, the therapy of MTrPs can contribute to pain relief and reduction of stiffness in agreement with the present findings of the upper trapezius (Shah et al., 2008) .
The absence of significant therapeutic effect of ischemic compression for MTrPs within the middle and lower trapezius is difficult to interpret, as the majority of existing research regarding MTrP treatment has only focused on the upper trapezius (Draper et al., 2010; Kelencz et al., 2011) . Because of trapezius muscle anatomical structure and location, selective and reliable measures of biomechanical variables are easier to obtain for the upper portion than from the middle and lower portions of the muscle. Johnson and Pandyan (2005) reported significant differences in EMG activity between the upper and middle fibers of the trapezius muscle under controlled loading conditions. Kawczynski et al. (2012) showed higher sensitivity to pressure pain for the upper trapezius underlining the importance of the upper portion of the trapezius muscle in neckshoulder disorders.
It is also possible that the lack of changes in stiffness in the middle and lower trapezius was caused by their tendency to decreased resting muscle tone. In particular, increased activation of the upper trapezius, combined with decreased control of the lower trapezius are responsible for the abnormal scapula position and motion (Cools et al., 2007) . For the rehabilitation or training in athletes with scapula impingement or dyskinesis, it is most important to get efficient and independent activation of the middle and lower trapezius, while minimizing activation of upper muscle fibers (Oliver et al., 2016) . The correlation between a weakened activity of the middle and lower trapezius, and neck pain was also confirmed by other authors (Petersen et al., 2015) . Moreover, neck and shoulder pain is often associated with forward head posture. It derives © Editorial Committee of Journal of Human Kinetics form weakness of scapular retractors such as lower trapezius fibers, and shortened length of the upper trapezius, with its tendency to hypertonicity and to decrease muscle elasticity (Bae et al., 2016) . On the contrary, and in the agreement with the above mentioned authors, we acknowledge that the muscle tension of the upper trapezius tends to increase, and therefore, as the result of these divergences, the response to therapy of the three portions of the trapezius may be different.
There are several limitations to the current study. First, the number of MTrPs for upper fibers of trapezius muscle was generally higher for all participants, compared with the middle and lower parts. This could have influenced the effectiveness of MTrP therapy. Second, the small sample size could also result in the lack of significant differences in stiffness for the middle and lower trapezius. Third, the athletes included in this study were all professional basketball players and future studies could target other groups of athletes to enable a broader generalization of the current findings.
Finally, the causality cannot be inferred from a pre-to post-test study design.
Conclusions
Our study confirms that a single treatment session of active MTrPs with ischemic compression causes a decrease in muscle stiffness of the upper portion of the trapezius muscle. A decrease of muscle stiffness has been suggested to improve deficits in range of motion and thereby lower the risk of injuries among baseball players (Bailey et al., 2015) . Within the present study, we provided an objective confirmation of the effectiveness of MTrP therapy from a clinical perspective. This treatment may bring immediate pain relief, which is a very important aspect of the treatment and rehabilitation of athletes. Furthermore, it is worth emphasizing that a reduction in muscle stiffness can be objectively quantified using a MyotonPRO device. This opens important clinical possibilities for the diagnostic and treatment of MTrPs outstanding current limitations of the palpation method (Myburgh et al., 2008) .
